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Abstract 
 
Potato is a plant with high nutrient requirements but demands a balanced fertilizer management. Because in potato 
crop the application of high nitrogen levels may result in a decrease in the tubers quality with implications for human 
health, the aim of this paper was to study the potato yield, tuber starch content and the nutritional quality of two potato 
varieties fertilizated with different levels of nitrogen and different NPK ratios and to find the best fertilization variants to 
obtain the highest yield and quality for potato tubers with reduced implications for the accumulation in the environment. 
Evaluation of nitrates and nitrites potato tubers content was performed on the material obtained in a polyfactorial 
experiment with different NPK ratios (1:1:1 and 1:0.9:2) and different doses of nitrogen (100 and 200 kg N/ha) and two 
different potato varieties (Christian and Roclas). The experiment was conducted within the N.I.R.D.P.S.B. Braşov 
experimental field, on a chernozem soil and according with the current fertilization practices in the region, under non 
irrigated conditions. The experiment results show that the higher NPK ratio and nitrogen dose of 200 kg N/ha determined 
reduction of tubers starch content and significant increases in tuber nitrates and nitrites contents at high nitrogen doses 
(200 kg N/ha).  
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1. Introduction 
 
Potato has a great potential of production, 
which can be achieved if ecological and 
technological conditions are ensured. Plant nutrition 
is a key instrument for managing potato quality [2]. 
Potato crop has strict requirement for a balanced 
fertilization management, without which growth and 
development of the crop are poor and both yield and 
quality of tubers are diminished [8]. 
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Nitrogen is the dominant nutrient taken up by 
potato and plant N requirements are greater than any 
other nutrient; an adequate supply of plant-available 
N is crucial for high tuber yields [3]. Nitrogen is the 
determining factor of crop yield and the most limiting 
element for potato plant. In addition, it tends to favor 
foliar growth at the expense of tubers, whose 
maturity is delayed, the dry matter content decreases 
and the nitrate content is increased [13]. Nitrogen can 
have both positive and negative effects on tuber size 
and quality parameters.  
An abundant supply of N is required by 
commercial potato production in order to meet tuber 
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yield, size and quality targets [18]. More nitrate 
content in tuber, as a result of increase nitrogen 
aplication has been reported [16, 12]. 
Potato plants require an adequate supply of 
phosphorus through-out the growing season to 
achieve optimum quality and yield and a large 
amounts of potassium, since this nutrient is crucial to 
metabolic function such as movement of sugars from 
the leaves to the tubers and transformation of sugars 
into potato starch [9].  
Potassium plays an important role in the  starch 
structure [7] and it is generally agreed that starch 
content is enhanced by K application, so long as this 
is to correct K under-nutrition, whilst heavy doses of 
K may decrease starch content [8]. In some cases no 
yield increases with K application were observed on 
soils considered low in K while, in others, yield 
increases were observed on soil considered to have 
adequate or high soil test K. Other factors, such as 
growing seasons conditions, variety and soil pH may 
also impact the potential for yield responses to K 
application [10]. Potassium contributes to various 
aspects of tuber quality and the balance between 
nitrogen and potassium supply is of particular 
importance for potato crop [5].  
Depending on dietary habits, potatoes can be 
the main source of nitrate intake.  Nitrate itself is 
relatively non-toxic but its metabolites may produce 
a number of health effects. Until recently nitrate was 
perceived as a purely harmful dietary 
componentwhich causes infantile 
methaemoglobinaemia, carcinogenesis and possibly 
even teratogenesis; recent research studies suggest 
that nitrate is actually a key part of our bodies’ 
defences against gastroenteritis [11]. The Joint 
Expert Committee of Food and Agriculture (JECFA) 
and the European Commission’s Scientific 
Committee on Food (SCF) have set admissible nitrate 
and nitrite intake values for the human body. The 
acceptable daily intake (ADI) for NO3– is 0-3.7 mg 
kg–1 body weight per day and for NO2– 0-0.07 mg kg–
1 body weight per day [14]. Nitrate intake can be 
reduced by consuming organic potatoes and potatoes 
produced on farms where the principles of 
sustainable agriculture are strictly adhered to [1]. 
 
2. Material and Method  
 
Testing the content of potato tubers in nitrates 
and nitrites was performed on the material obtained 
in a polyfactorial experiment with different NPK 
ratios, different doses of nitrogen and different potato 
varieties. The experiment was conducted in 2014 
according with the current fertilization practices in 
the region, under non irrigated conditions, within the 
experimental field of the N.I.R.D.P.S.B. Braşov, on a 
cernoziomoid soil with a good supply of organic 
matter 4.8% and a 7.3 pH indicating a weakly 
alkaline soil [15].  
The soil had a very poor phosphorus supply 
and good nitrogen and potassium supply. The NPK 
fertilizers was applied on the surface before planting 
with incorporation into the soil during seedbed 
preparation.In 2014 hydrothermal conditions were 
favorable for the potato crops, the amount of rainfall 
during the growing season exceeded the multiannual 
average (MMA) and the average temperature during 
the growing season was close to the  multiannual 
value ensuring high yields in both studied varieties 
(Table 1).  
 
Table 1. Average hydrothermal conditions during potato growing season (Brasov, 2014) 
 
 
Year April  May June July August September 
Average/sum 
vegetation 
period 
Average 
 temperature 
 (ºC) 
2014 9.1 13.9 16.4 19.3 18.7 14.3 15.3 
MMA 8.5 13.6 16.4 18.1 17.5 13.6 14.6 
Rainfall 
amount 
 (mm) 
2014 118.5 100.2 76.0 115.4 60.6 34.4 505.1 
MMA 50 82 96.7 99.8 76.4 52.5 457.4 
 
Two potato varieties created at N.I.R.D.P.S.B. 
Brașov were used in the experiment, Roclas and 
Christian varieties. The chosen levels of nitrogen 
fertilization, 100 kg N/ha and 200 kg N/ha are 
situated at the lower and upper limit of OSPA Braşov 
(Office of Pedological and Agrochemical Studies 
Brasov) recommendations valid for autumn potato 
crops for production of 20 t/ha and 40 t/ha under 
nonirrigated conditions [4]. The basic fertilization to 
NPK ratio 1: 1: 1 was performed with a 15-15-15 
NPK complex fertilizer and for the ratio 1: 0.9: 2 with 
a 5:10:22 NPK complex fertilizer supplemented with 
ammonium nitrate.Measurements have been made on 
the production obtained from differentiated 
122 
BĂRĂSCU Nina et al./ProEnvironment 12(2019) 121-126 
 
fertilization and on the potato production structure on 
three size fractions: tubers with < 35 mm diameter; 
tubers with 35-60 mm diameter; tubers with > 60 mm 
diameter, as well as determinations of the  tuber 
starch content.  
Polikeit balance was used to determine the 
starch content. 
Determination of nitrate and nitrite content 
was performed on tubers with 35-60 mm diameter. 
Sample preparation from the analyzed plant material 
was carried out according to ISO 6498: 2012. 
Determination of nitric nitrogen content, 
potentiometric with selective ion electrode, was 
performed according to National Research and 
Development Institute for Soil Science, 
Agrochemistry and Environment (ICPA) 
methodology (1980), chap. 4 (1.2.1.5.) and the 
determination of the nitrites content of the vegetal 
 
 
material, colorimetric according to ICPA 
methodology (1980), ch. 4 (1.2.2.1.).The results of 
the experiment were statisticaly analysed using 
analysis of variance. The significance of differences 
between experimental variants was verified using „t” 
and DL test. For statistical analysis by ANOVA, 
Duncan test was used SPSS program [6]. 
 
3. Results and Discussions  
 
The high nitrogen dose (200 kg N/ha) caused 
insignificant production increases for the NPK 1: 1: 
1 ratio for both varieties, while for the NPK ratio 1: 
0.9: 2 the production increase was evident only for 
the Roclas variety for all fractions of size, unlike the 
Christian variety which recorded the decrease of total 
production especially for the tuber size  > 60 mm 
(Fig.1). 
 
 
 
 
 
Figure 1. Yield size structure of Christian and Roclas varieties for different variants of fertilization 
 
Determination of the starch, nitrate and nitrite 
tubers content was performed at the 35-60 mm tuber size 
(Table 2). On average, between varieties, there were 
significant differences on the potato yield from the 35-60 
mm tuber size (29.1 t/ha for the Christian variety and 31.2 
t/ha for the Roclas variety).  
For production from the 35-60 mm fraction on 
average, NPK ratio 1: 0.9: 2 resulted in a significant 
decrease in production compared to NPK ratio 1: 1: 1 (28.5 
t/ha vs. 31.8 t/ha), and for the different doses of nitrogen 
the differences were insignificant. 
As a result of multiple comparations between 
variants using Duncan test it was noted that the higher 
NPK ratio and nitrogen dose of 200 kg/ha determined a 
significant reduction of tubers starch content.  
The decrease in starch content from Christian 
variety tubers with increasing potassium ratio and nitrogen 
dose was evident and statistically significant. For Roclas 
variety there was the same tendency.  
The highest starch content was recorded in the 
fertilizer variant with a NPK ratio of 1: 1: 1 and a nitrogen 
dose of 100 kg N ha for both varieties (15.08% for the 
Christian variety and 17.50% for the Roclas variety. 
The lowest values of tuber nitrate content were 
recorded for the fertilizer variant with a NPK 1: 1: 1 
ratio and a nitrogen dose of 100 kg N/ha for both 
varieties (193.7 ppm for the Christian variety and 
201.3 ppm for the Roclas variety). For the other 
fertilization variants, tuber nitrate content exceeded 
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200 ppm level, the highest value recorded for Roclas 
variety (341.7 ppm) for the NPK 1: 1: 1 ratio and the 
nitrogen dose of 200 kg N/ha.  
On average, between varieties, there were no 
significant differences for the nitrate content of 
tubers, but for the nitrite content of tubers there were 
a significant diferences, at Roclas variety was 
recorded a significant increased compared to the 
Christian variety.Regarding the different NPK 
reports, on average, no significant differences in the 
values for the nitrate and nitrite tubers content were 
recorded. The experiment results show significant 
increases in tuber nitrates and nitrites contents at high 
nitrogen doses (200 kg N/ha). 
  
 
Table 2. The effect of NPK fertilization on the potato yield, starch, N-NO3, N-NO2 tubers content (Christian 
and Roclas variety, Braşov, 2014) 
 
Vatiety 
Ratio 
NPK 
N 
kg/ha 
Yield 35-60 mm 
t/ha 
Starch content 
 % 
N-NO3 
ppm 
N-NO2 
ppm 
Christian 1:1:1 100 33.8 a 15.08   cd 193.7  b 1.05   c 
200 28.8  bcd 13.36      e 259.7 ab 2.07  b 
1:0.9:2 100 26.3      d 14.25     d 257.0 ab 2.01  b 
200 27.6    cd 12.47       e 271.0 ab 1.51  bc 
Roclas 1:1:1 100 33.4 ab 17.50 a 201.3  b 2.14  b 
200 31.3 abc 15.67  bc 341.7 a 3.43 a 
1:0.9:2 100 27.8     cd 16.42  b 237.7 ab 1.37  bc 
200 32.2 abc 15.06    cd 241.3 ab 1.89  b 
Average Christian 29.1 - 13.79 - 245.3 - 1.66 - 
Roclas 31.2 * 16.16 * 255.5 ns 2.21 * 
1:1:1 31.8 - 15.40 - 249.1 - 2.17 - 
1:0.9:2 28.5 o 14.55 o 251.8 ns 1.69 ns 
100 30.3 - 15.81 - 222.4 - 1.64 - 
200 30.0 ns 14.14 o 278.4 * 2.23 * 
Mean 
 (CV) 
30.1 
 (7.81%) 
14.98 
 (3.16%) 
250.4 
(22.6%) 
1.93 
 (20.05%) 
LDS (var*ratioNPK*doseN) 5%  4.4 t/ha 0.89% 106.6 ppm 0.73 ppm 
DL (var) 5% 1.5 t/ha 0.27 % 32.5 ppm 0.68 ppm 
DL (ratioNPK) 5% 1.5 t/ha 0.23 % 53.2 ppm 0.50 ppm 
DL (doseN) 5% 1.6 t/ha 0.32 % 37.8 ppm 0.26 ppm 
  
 
 
 
 
 
Figure 2. The  nitrate and nitrite content of  potato yield (tuber size 35-60 mm) for different variants  
of fertilization (Christian and Roclas varieties, Brasov 2014) 
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4. Conclusion   
 
Nitrogen must normally be added to achive 
maximum economic potato yields [17]. Due to the 
fact that in this experiment, the high nitrogen dose 
(200 kg N/ha) caused an insignificant total yield 
increasing for the NPK 1: 1: 1 ratio for both varieties 
and at the same time a decrease of tubers starch 
content, only for the increasing of tubers yield from 
the tuber size > 60 mm is unlikely to be economically 
justifiable.  
The NPK favorable potassium ratio did not 
record significant increases in potato yield at nitrogen 
doses of 100 kg N/ha, only the NPK 1: 0.9: 2 ratio at 
200 kg N/ha recorded an increase in total potato yield 
for Roclas variety only. 
For both varieties, Christian and Roclas, the 
decrease in tubers starch content  with increasing 
potassium ratio and nitrogen dose was evident and 
statistically significant. 
The lowest values of tuber nitrate content were 
recorded for the fertilizer variant with a NPK 1: 1: 1 
ratio and a nitrogen dose of 100 kg N/ha for both 
varieties . 
The experimental results show that  with 
increasing nitrogen level at 200 kg N/ha, nitrate and 
nitrite content in tuber significantly increased. 
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